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Abstract 
The article presents the results of studies of physical and mechanical properties of the samples modified with the following 
additives: redispersible polymer powder based on a copolymer of vinyl acetate and vinyl versatate; polyvinyl acetate dispersion; 
sodium carboxymethyl cellulose; silica fume; chrysotile asbestos; phosphoric acid, oxalic acid and sulfuric acid. The calculation 
of the optimal composition of the magnesia binder based samples with the chrysotile asbestos additive, modified with sulfuric acid. 
There are results of the X-ray analysis of the samples with the chrysotile asbestos additive shown. There is a chemical reaction of 
caustic magnesite and silica fume confirmed. 
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1. Introduction 
Magnesia binding materials have a number of positive properties; the main ones are an ability to form lasting 
artificial stone, a low shrinkage during solidification, a high hardness, a wear resistance and an impact strength of the 
hardened magnesia stone, high adhesion properties, a heat and fire resistance, etc. However, due to their low water 
resistance magnesia binders may be used only under conditions that exclude moisture. Therefore, this article covers 
the results of a research aimed to improve a water resistance of the products based on a caustic magnesite and held at 
General Chemistry Department of Moscow State University of Civil Engineering. 
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The research was carried out in three stages. 
An introduction of polymer additives is reckoned a very effective way of improving the corrosion resistance of 
cement compositions, so as the clogging of the pore space with the polymeric additive reduces the speed of degradation 
of the material due to the change of the degradation mechanism from homogeneous to heterogeneous [1]. Therefore, 
at the first stage of the work, an effect of such additives on the water resistance of the samples based on magnesia 
binder were examined. The redispersible polymer powder based on a copolymer of vinyl acetate and vinyl versatate, 
polyvinyl acetate dispersion and sodium carboxymethyl cellulose were selected. 
In order to improve the environmental efficiency by the industrial waste using, to promote the strength and the 
water resistance of building products based on magnesia binders, a chrysotile asbestos, crushed with a sulfuric acid, 
was assumed as an additive at the second stage. 
A chrysotile asbestos has been selected because a problem of disposal of its waste is not yet solved in Russia. The 
reliable methods of sludge disposal are expensive, so in world and domestic practice are almost never applied. At the 
same time, the disposal of waste to any landfill without special treatment is prohibited. Asbestos wastes and sludge 
are composed of the components suitable for obtaining on their basis of building materials for various purposes. A 
lack of natural sources of raw materials and their widespread appreciation is another reason of the great attention to 
their recycling. In practice, the original advantages of the wastes, like dispersion, state of aggregation, the presence of 
reactive phases (the ability to chemical interaction, hydration, hardening) and surface-active substances are often used 
badly. Usually the main criterion for the selection of wastes is their chemical composition. Therefore, the raw 
irretrievably loses its unique properties over this approach [2]. 
At the third stage, a silica fume was proposed as an additive. 
A silica fume is known as a multifunctional additive for the Portland cement [3]. It increases the strength 
characteristics, resistance of a concrete to the water and corrosion. This improvement of properties is associated with 
the reaction between portlandite (calcium hydroxide) formed after Portland cement mixing with water, and a silicon 
acid oxide with the subsequent formation of the structure of Ca-SiO3-H. Since a magnesium is a chemical analogue 
of a calcium, it has been suggested that a silica fume will interact similar with a magnesia cement. Moreover, because 
the interaction between a portlandite and silica fume is essentially an acid-base interaction, a necessity to use additives, 
lowering the pH of the investigated binder (such additive as bischofite or magnesium sulfate) is eliminated. 
 
2. Methods 
The samples were produced of the following materials: caustic magnesite (CM); expanded perlite sand (EP); 
bischofite (BSch); redispersible polymer powder based on a copolymer of vinyl acetate and vinyl versatate (RPP); 
polyvinyl acetate dispersion (PAD); sodium salt of carboxymethyl cellulose (CMC); silica fume (MS); chrysotile 
asbestos (ChA); phosphoric acid (PhA), oxalic acid (OA) and sulfuric acid (SA). 
The compositions of the samples taken for the studies are represented in a Table 1. A component contents is given 
in grams. 
Table 1. Samples taken for the studies. 
Number 
of a 
sample 
CM BSch Water EP PhA PAD RPP CMC OA ChA SA MS 
1 100 170 97 80 - - - - - - - - 
2 100 135 83 80 - - - - - - - - 
3 100 170 96 80 10 30 - - - - - - 
4 100 170 97 80 10 - 1 - - - - - 
5 100 170 97 80 10 - 1,6 - - - - - 
6 100 170 97 80 10 - 3,3 - - - - - 
7 100 170 97 80 10 - 5 - - - - - 
8 100 170 97 80 10 - - 8 - - - - 
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9 100 170 97 80 10 - - 4 - - - - 
10 100 170 97 80 10 - - 2 - - - - 
11 100 170 97 80 10 - - - - - - - 
12 100 170 97 80 - - - - 10 - - - 
13 100 36 13 - - - - - - 2 5,8 - 
14 100 36 13 - - - - - - 5 13,3 - 
15 100 36 13 - - - - - - - - - 
16 100 36 13 - - - - - - 2* 5,8 - 
17 100 36 13 - - - - - - - 5 - 
18 100 36 23 - - - - - - 2 - - 
19 100 - 32 - - - - - - - 3,5 - 
20 100 - 32 - - - - - - - 3,5 20 
21 100 - 32 - - - - - - - - 20 
* Note: The sample was washed out from the traces of sulfuric acid. 
 
A study of the physical and mechanical properties of the samples were realized in accordance with the requirements 
of Russian state standards. Studies of the structure and phase composition of the samples were performed by using 
the X-ray diffraction techniques, IR spectroscopy and electron microscopy. 
3. Results and Discussion 
The results of the investigation of the physical-mechanical properties of the caustic magnesite based materials are 
represented in a Table 2.  
These data show that an augmentation of the caustic magnesite proportion in a cement mixture (a composition No. 
2) promotes a slight rise in the artificial stone’s strength (approx. 10%), but causes an increase in a water absorption 
by weight of about two times. A high water absorption by weight of the sample number 2 may be explained by the 
fact that the free magnesium oxide reacts with the water to form an insoluble magnesium hydroxide. 
An optimum RPP’s amount is not more than 1% by weight of a binder (composition No. 4). A further increase in 
the additive (compositions No. 5-7) does not significantly affect the water resistance of the samples, and the softening 
coefficient values do not exceed the point of 0.8. 
Table 2. Physical and mechanical properties of the samples. 
Number 
of a 
sample 
Water absorption by 
weight, % 
Compressive strength of 
the dry samples, MPa 
Compressive strength of 
the water-saturated 
samples, MPa 
Softening coefficient 
1 9.6 5.9 3.9 0.66 
2 21.0 6.1 3.2 0.52 
3 13.2 2.7 sample failed - 
4 8.7 5.9 3.9 0.66 
5 12.9 4.3 3.0 0.70 
6 8.7 5.3 3.5 0.66 
7 11.6 6.3 3.6 0.57 
8 9.6 6.0 sample failed - 
9 32.0 2.7 sample failed - 
10 31.0 sample failed sample failed - 
11 8.3 6.5 5.8 0.89 
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12 8.4 6.9 5.6 0.80 
3 6.3 20.5 19.5 0.89 
14 6.5 22.0 18.7 0.85 
15 7.5 29.5 15.5 0.52 
16 6.8 22.5 18.5 0.82 
17 sample failed 30.6 sample failed - 
18 7.3 30.4 17.0 0.54 
19 sample failed 9.8 sample failed - 
20 5.9 (air hardening) 
6.0 (hydraulic 
hardening)  
14.1 (air hardening) 
19.8 (hydraulic 
hardening) 
19.9 (air hardening) 
18.0 (hydraulic 
hardening) 
1.4 (air hardening) 
0.91 (hydraulic 
hardening) 
21 5.5 (air hardening) 
5.7 (hydraulic 
hardening) 
10.0 (air hardening) 
11.5 (hydraulic 
hardening) 
21.0 (air hardening) 
12.0 (hydraulic 
hardening) 
2.1 (air hardening) 
1.04 (hydraulic 
hardening) 
 
An introduction of the sodium salt of a carboxymethyl cellulose in amounts of 2% and 4% by weight of a caustic 
magnesite (compositions No. 8 and No. 9) does not reduce a water absorption. A water absorption of the samples 
containing 8% of CMC (a composition No. 10) practically do not exceed the similar values of the sample with the 
PVA additive (a composition No. 3). 
It should be noted that an expanded perlite has been used as a filler in the compositions No. from 1 to 10. Therefore, 
it may be suggested that a cement slurry penetrates into the pores of the filler and clogs them, turning an open porosity 
to the closed one. 
Further, a solid (powdered) oxalic acid was assumed as a substitute for the liquid phosphoric acid actually used in 
a production of the magnesia binder based materials. The first one was taken in equimolar amounts relative to the 
phosphoric acid. As the Table 2 displays, the substitution of a phosphoric acid for the cheap oxalic acid allows keeping 
the mechanical properties of the samples at the same level. 
At the studies a chrysotile asbestos’s, a sulfuric acid’s and a magnesium chloride’s contents were varied. Therefore, 
to calculate the optimal composition a method of mathematical planning of the experiment was resorted. The 
chrysotile asbestos content to the sulfuric acid, and to the magnesium chloride ratios were chosen as the factors. To 
process the results the least squares method was applied. 
The Table 1 covers the optimum compositions of the samples based on the caustic magnesite with the chrysotile 
asbestos addition pulverized with the sulfuric acid (compositions No. 13 and No. 14). The results shows the following: 
the composition No. 13: a compressive strength in the dry state is 20.5 ± 0.1 MPa; and in the water-saturated state is 
19.5 MPa; a softening coefficient is 0.89; a composition No. 14: a compressive strength in the dry state is 22.0 MPa; 
and in the water-saturated state is 18.7 MPa; a softening coefficient is 0.85. Thus, an application of the chrysotile 
asbestos, pulverized with the sulfuric acid promotes an increase of the softening coefficient in 1.3 times comparing to 
the control sample number 1 (see Table 2). To determine an active additive in this system, the samples numbers 15-
18 (see Table 1) have been prepared and tested (see Table 2). 
As the Table 2 shows, an introduction either of a sulfuric acid (a composition No. 17), or of a chrysotile asbestos 
(a composition No. 18) does not increase the water resistance of magnesia binders. There is a significant increase of 
the softening coefficient for the samples made of the compositions No. 13, 14 and 16. This evidence supports a product 
of the chrysotile asbestos grinding with a sulfuric acid as an active additive in the system. 
 To corroborate the fact the samples made of the compositions No. 13, 15 and 16 were examined by the X-ray 
analysis. The results demonstrates (see Figures 1, 2 and 3) a number of significant magnesite (MgCO3) peaks with the 
interplanar spacing d = (2.751; 2.11; 1.699; 1.466)×10-10 m for the composition No. 15 (see Figure 1). This indicates 
that an artificial stone has being arisen substantially under the influence of a carbon dioxide in the air. The X-ray study 
of the original caustic magnesite powder has not revealed any magnesium carbonate peaks. Thus, the feed had been 
initially free of a magnesite, which was decomposed afterwards by a sulfuric acid action. Radiographs of the samples 
with the chrysotile asbestos additive grinded with a sulfuric acid either in the presence of acid (see Figure 2), or 
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washed from the last one (see Figure 3) are almost identical. They discover no characteristic magnesium carbonate 
peaks, reducing the strength of the artificial stone. This indicates that a chrysotile asbestos additive is not just a filler, 
and participates in the process of the artificial stone’s structure formation. 
 
 
Fig. 1. The sample based on a caustic magnesite, mixed with an aqueous solution of a bischofite (a composition No. 15). 
 
Fig. 2. The sample based on a caustic magnesite, mixed with an aqueous solution of a bischofite with the chrysotile asbestos additive, crushed 
with a sulfuric acid (a composition No. 13). 
812   Yulia V. Ustinova and Tamara P. Nikiforova /  Procedia Engineering  111 ( 2015 )  807 – 814 
 
Fig. 3. The sample based on a caustic magnesite, mixed with an aqueous solution of a bischofite with the chrysotile asbestos additive, crushed 
with a sulfuric acid and then washed (a composition No. 16). 
The physical and mechanical properties of the materials based on a caustic magnesite with the silica fume addition 
(compositions number 19-21, see Table 1) were also examined. The results are represented in the Table 2. 
The Table 2 shows an increase of the strength of the samples exposed to the hydraulic hardening. An insoluble 
polysilicon acid formation that bridging the pore space of the magnesia artificial stone may be citied as a consideration. 
Moreover, chemical interaction between the acidic SiO2 and basic MgO oxides is possible as well. 
An interaction between the acidic and basic oxides was confirmed by the IR Fourier spectroscopy (see Fig. 4, 5). 
These spectra have been interpreted with a regard to the intended chemical interaction, which causes the formation of 
compounds such as diopside.  
 
 
Fig. 4. IR spectrum of the magnesia stone exposed to the hydraulic hardening 
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Fig. 5. IR spectrum of the magnesia stone exposed to the air hardening 
The fluctuations in the 1100-400 cm-1 area belong to the area of stretching vibrations of Si–O and Si–O–Mg bounds. 
This area presents a characteristic peak in the range 1121-1119 cm-1, which can belong to the vibrations of the Si–O–
Si, and a peak in the range of 474-472 cm-1 typical of the Si–O–Mg stretching vibrations. An area of 3700-3000 cm-1 
is an area of OH-group stretching vibrations. The area of 1650-1600 cm-1 is an area of  OH-group deformation 
vibrations. There are two peaks at 3712 cm-1 and 1654 cm-1 in the IR spectrum of the sample subjected to the hydraulic 
hardening. The first one pertains to the hydroxyl group vibrations near the Mg2+ ion. The second belongs to the 
deformation vibrations of the hydroxyl groups. Thus, these data confirm that a magnesia binder with the silica fume 
additive requires a hydraulic hardening. A mixture of a caustic magnesite with the silica fume (5: 1) can gain a high 
compressive strength without tempering with a sulfuric acid or a bishofite. The results of the electron microscopy 
studies (see Figure 6) confirm that the structure of the samples with the addition of silica fume, and subjected to air 
and hydraulic hardening, almost identical in terms of pore size and density. 
 
 
 
 
 
 
 
 
 
Fig. 6. Left panel. An electron micrograph of a sample obtained by mixing water with a dry mixture of a caustic magnesia and a silica fume (5:1), 
hardened in air and then subjected to the water saturation and drying. Right panel. An electron micrograph of a sample obtained by mixing water 
with a dry mixture of a caustic magnesite and a silica fume (5:1), hardened in water, and then dried.  
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4. Conclusions 
1. Polymeric additives based on the copolymers of vinyl acetate and vinyl versatate, polyvinyl acetate dispersion 
and sodium salt of a carboxymethyl cellulose do not significantly effect on the water resistance of the magnesia 
binding materials. 
2. A chrysotile asbestos is not only a filler, but effects on the mechanism of an artificial stone’s formation. 
3. A composition of a dry mixture based on a caustic magnesite with the silica fume additive can be mixed up with 
water and subjected to a hydraulic hardening. This will enable an extension of a field of application of materials based 
on a caustic magnesite and remove a serious obstacle of wide Sorel cement usage in construction, like a corrosion 
effect on metal structures due to the leaching of the chloride or sulfate anions. 
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